


 Duletski 1 

 

 

 

Synthesis and Study of Carbazole Derivatives for Potential 

Application in Organic Light Emitting Diodes (OLEDs) 

 

 

 

 

 

Honors Thesis  

Carroll College Department of Chemistry and Physics  

Helena, Montana  

 

 

 

 

 

 

 

Olivia Duletski  

March 2016 

 



 Duletski 2 

ABSTRACT 

 Organic Light-Emitting Diodes (OLEDs) are an area of interest due to their 

advantages in technological applications. OLEDs are devices that use thin films of 

organic materials to produce light emissions. Various power sources can operate OLED 

displays, including electrical, solar, and battery.
1
 A complete color display requires red, 

green, and blue light emitters. Currently, stable molecules that emit red and green light 

have been successfully synthesized. Stable blue light emitting molecules have been more 

challenging to synthesize and commonly experience short lifetimes and degradation from 

heat and oxygen exposure. The focus of this research is to create a family of stable 

carbazole-based derivatives with the ability to emit blue light. The parent molecule is 

comprised of a carbazole center that is linked to two terminal subunits, diphenylacetylene 

and 1-(2’, 3’, 4’, 5’-Tetratphenyl)phenyl-4-bromo-benzene. Currently, the research is 

focused on coupling the carbazole moiety with the borylated diphenylacetylene through a 

Suzuki-Miyaura coupling reaction and purifying the resulting product.  

 

INTRODUCTION 

Organic light emitting diodes (OLEDs) have been the source of much research 

due to their use in technological applications.
 
OLEDs contain thin film layers, composed 

from organic materials, situated between electrodes placed on a substrate.
1
 The 

fundamental OLED structure is depicted in Figure 1. When a current is applied to the 

system, the anode pulls the electrons from the conductive hole transport layer leaving 

“holes” in the organic material.
1 

Additional electrons supplied by the cathode occupy 

locations on the emission layer. The abundant electrons from the emission layer move to 
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occupy the empty locations in the hole transport layer. The transportation of electrons 

into these positions results in light emission, which can be harvested for various 

applications.
1 

 

 

Figure 1. Basic structure of an OLED.
2 

Applications involving OLED devices include electronic screens, displays 

exhibiting flexible properties, and general use in lighting.
1
 In addition to these uses, 

OLEDs also possess a variety of advantages over other lighting techniques. OLEDs are 

preferred over other methods because of their low cost, high efficiency, and relative ease 

of fabrication.
3
 Takatoshi states the advantages of OLEDS are the rapid response time, 

the use of the technique “punching” which enhances local luminescence for specific 

regions of an image, and the reduced number of components in displays in relation of 

liquid crystal display (LCD).
1
 Mondal reports the low efficiencies associated with 

incandescent and fluorescent bulbs.
4 

Derived from the findings of Tang and VanSlyke’s 
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research, OLEDs possess higher energy efficiency and stronger luminescence surpassing 

those of other lighting techniques.
5
 

Despite the advantages of OLEDs, there are challenges associated with these 

devices. For a display to utilize the full visible light spectrum, it must consist of red, 

green, and blue emissions. Currently, the synthesis of the red and green emitting 

molecules have been successfully achieved.
6 

Blue light emitting molecules have also 

been synthesized, but many exhibit short lifetimes and instability. 

The purpose of this research is to synthesize a blue light-emitting molecule with 

increased longevity and stability. It is hypothesized that the synthesis of the parent 

molecule consisting of a carbazole derivative coupled with a dendron moiety and 

diphenylacetylene structure will result in a stable conjugated blue light-emitting molecule 

(Figure 2).  

 

 

Figure 2. The target parent molecule. 

 

The parent molecule is designed around a central carbazole (red) structure. 

Carbazole-based molecules are known to maintain high stability, a high degree of 

luminescence, and specific tunability within the blue light region.
6
 In addition, carbazoles 

act as efficient electron transporting compounds for application in OLEDs.
3 

The dendron 

(green) subunit is essential in the aiding in the stability of the molecule. The substitution 
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of aromatic substituents, referred to as Ar on labeled molecule, allows for a wide 

collection of molecules that vary in stability and functionality. The asymmetric and 

nonplanar phenyl groups on the dendron allow for increased stability and efficiency by 

inhibiting molecular aggregation via pi-pi interactions during the process of spin-coating 

the molecules for the use in OLEDs.
 7

 Aggregates hinder the desired transfer of photons 

to give blue light emission. The nonplanarity of the molecule allows for the space to 

transfer excited energy, thus the intensity of light emission increases with a larger 

molecular area.
8
 The third subunit is diphenylacetylene (blue). Diphenylacetylene 

extends the conjugation of the molecule, which can help improve stability. The three 

precursor subunits have been synthesized and characterized individually. A fellow 

colleague synthesized the dendron (green) through a Sonogashira coupling and Diels-

Alder reaction. 

However, the dendron was not purified. Purification of the dendron was achieved 

through column chromatography.  A previous researcher synthesized the carbazole (red) 

through a two-part reaction of nitration followed by a Cadogen Reductive Ring Closure.
 9

 

The final subunit diphenylacetylene (blue) was synthesized through a Sonagashira 

coupling reaction. The terminal subunits were borylated creating effective leaving groups 

in preparation for the Suzuki-Miyaura coupling reactions. Currently, coupling to the 

central carbazole moiety through a Suzuki-Miyaura coupling reaction is in progress. 

Once the parent molecule is successfully synthesized and purified, the electronic and 

photochemical properties will be studied through the use of cyclic voltammetry, UV-Vis 

and fluorescence spectroscopy.  
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RESULTS AND DISCUSSION 

I. Synthesis of 1-(2’, 3’, 4’, 5’-Tetratphenyl)phenyl-4-bromo-benzene 

The synthesis of the dendron was a two-step reaction (Scheme 1). The first step was 

to synthesize the precursor, 1-(trimethylsilyl)ethynyl-4-bromobenzene. 1-TMS-4-

bromobenzene was refluxed with tetraphenylcylcopentadienone resulting in the formation 

of 1-(2’, 3’, 4’, 5’-Tetratphenyl)phenyl-4-bromo-benzene via a Diels-Alder reaction. The 

reaction progress was monitored with thin-layer chromatography and purified with 

column chromatography. The ideal solvent system for column chromatography was 

determined to be 75:25 hexanes to dichloromethane. The 
1
H NMR spectrum (Figure 3) 

shows the splitting pattern from the purified product.  

 

 

 

 

Scheme 1. Synthesis of 1-(2’, 3’, 4’, 5’-tetratphenyl)phenyl-4-bromo-benzene. 
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Figure 3. 
1
H NMR of  1-(2’, 3’, 4’, 5’-tetratphenyl)phenyl-4-bromo-benzene.  

 

II. Synthesis of 4-(4, 4, 5, 5-tetramethyl-1, 3, 2, -dioxaborolane) diphenylacetylene 

 A Sonogashira coupling reaction resulted in the precursor 4-

bromodiphenylactylene. Through a lithium-halogen exchange reaction, the 4-

bromodiphenylactylene was successfully borylated with an aryl boronate ester (Scheme 

2). GC-MS spectrum characterized the product’s m/z ratio of 304 amu at 19.5 min. The 

1
H NMR spectrum further confirmed the structure of the reaction product (Figure 4). The 

singlet peak located 1.35 ppm represents the 12 H’s from the methyl groups of the 

dioxaborolane. The 
1
H NMR spectrum from 7.35 to 7.95 ppm corresponds with the 

splitting pattern of the aromatic region of the borylated diphenylacetylene.  
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Scheme 2. Synthesis of 4-(4, 4, 5, 5-tetramethyl-1, 3, 2, -dioxaborolane) 

diphenylacetylene. 

 

 

 

 

 

 

 

 

 

Figure 4. 
1
H NMR spectrum of borylated diphenylacetylene. 

 

III. Synthesis of Suzuki Coupling Product 

The prepared 2,7-dibromocarbazole and the borylated diphenylacetylene 

proceeded through a Suzuki-Miyaura coupling reaction resulting in an incomplete 

reaction that did form some desired product. 
1
H NMR analysis was performed on the 

crude product of the reaction (Figure 5).  The proton splitting patterns of the aromatic 
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identifying changes in chemical structure. When comparing the product 
1
H NMR 

spectrum to the spectra of the starting materials, the product peaks shift due the change in 

chemical environment. The overlap of peaks indicates similar positions on the molecule. 

The peak that appears at 7.63 ppm is not a proton in the parent molecule. The crude 

produce was washed with hexanes to reduce impurities. Further purification is needed to 

obtain in the desired product cleanly. 

 

   

 

Figure 5. 
1
H NMR spectrum of crude product of suzuki coupling reaction. 

 

In conclusion, the three subunits of the parent molecule have been successfully 

synthesized and purified. The borylation of diphenylacetylene was confirmed by GC-MS 

and 
1
H NMR analysis. The compound resulting for the Suzuki-Miyaura coupling has 

been identified via 
1
H NMR analysis. Research continues with the purification and study 

of the coupled product.  

HC 
HG & HH HF 

 
HD & HE 

HA 

HB 

HFHG

HH

HG HF

N

HE HD

HE HD

HB

HA
H

HB
HC

Br

Na

HC



 Duletski 10 

EXPERIMENTAL 

 Solvents and reagents were purchased from Sigma Aldrich and used as received 

unless otherwise noted. A Rotary Evaporator expedited the process of removing excess 

solvent. A 400 MHz NMR was used to retrieve 
1
H NMR analysis. Gas chromatography 

mass spectroscopy was used to confirm and analyze mass spectrums.  

 

I. Synthesis of 1-(trimethylsilyl)ethynyl-4-bromobenzene
7
 

To a round bottom flask tetrahydrofuran, dried over 4 Å molecular sieves (50 mL), 1-

bromo-4-iodobenzene (9.8 g), 0.048 g of PdCl2(PPh3)2, copper (I) Iodide (0.097g), 

diisopropylamine (20 mL),  and tetrahydrofuran (100 mL) were added. The system was 

placed under an argon atmosphere. Trimethylsilylacetylene (5 mL) was added dropwise, 

and the solution was allowed to stir for 24 h. The mixture was then washed twice with 

2M HCl (10 mL) and deionized water (10 mL) and dried with magnesium sulfate, 

followed by gravity filtration. Column chromatography with a 75:25 hexane to ethyl 

acetate mixture was used to isolate 1-(trimethylsilyl)ethynyl-4-bromobenzne. 

 

II. Synthesis of 1-(2’, 3’, 4’, 5’-Tetratphenyl)phenyl-4-bromo-benzene
7
 

In a solution of 1-(trimethylsilyl)ethynyl-4-bromobenzene (1.3 g), 10 mL of 

tetrahydrofuran and 10 mL of methanol were added. Following the 1.27:1 3-

trimethoxylsilyl-propyl-N-aniline (TMSPA) to sodium hydroxide ratio, 2 mL of NaOH 

was added to the mixture, which was then allowed to stir for 1 h at room temperature. 

The solution was worked up using 20 mL of ethyl acetate, followed by the addition of 

deionized water and brine to aid the separation of the organic and aqueous layers. The 
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mixture was dried with magnesium sulfate and excess solvent was removed via the rotary 

evaporator. The remaining product was refluxed with 2 g of 

tetraphenylcyclopentadienone in 40 mL o-xylene for 19 h. The resulting product was 

isolated and purified through column chromatography using a solvent system of 7:3 

hexanes to dichloromethane, and verified through 
1
H NMR analysis. 

 

III. Synthesis of 2,7-Dibromocarbazole
9
 

Fuming HNO3 (92.5 mL) and H2O (7.5 mL) were added to a solution of 4,4’-

dibromobiphenyl (20 g) in glacial AcOH (300 mL) at 100 °C and allowed to stir for 30 

min. The mixture was vacuum filtered and recrystallized with methanol. The resulting 

product, 4,4’-dibromo-2-nitrobiphenyl (20.87 g), was combined with triethyl phosphite 

(75 mL) to reflux overnight at 215 °C under an argon atmosphere. The solution 

proceeded through a vacuum distillation and was then purified with column 

chromatography using 5:1 hexanes to ethyl acetate. 
1
H NMR and GC-MS verified 

product.  

 

IV. Synthesis of 4- Bromodiphenylacetylene
10

 

To a three-neck flask under argon gas, 1-bromo-4-iodobenzene (5 g, 17.7mmol), 

copper (I) iodide (0.0337g, 0.177 mmol), Pd(PPh3)2Cl2 (0.124g, 0.177mmol), 

triethylamine (3.67 mL, 26.5 mmol) and 50 mL of tetrahydrofuran dried over 4 Å sieves 

were added. Phenyl acetylene (1.94 mL, 17.7 mmol) was added dropwise and stirred for 

1 h and 45 min. The reaction was monitored by TLC. Once the reaction reached 

completion, the mixture was washed with 2 M HCl (10 mL) and deionized water (10 mL) 
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twice. Tetrahydrofuran (5 mL) was added to increased organic layer and brine (10 mL) 

was added to aid in separation of layers. The organic layer was dried with magnesium 

sulfate, gravity filtered, and excess solvent was removed with the rotary evaporator. 

Purification was achieved through recrystallizations in methanol. GC-MS analysis 

confirmed product. 

 

V. Synthesis of 4-(4, 4, 5, 5-tetramethyl-1, 3, 2, -dioxaborolane) diphenylacteylene
11

 

 In a round bottom flask charged with THF (20mL), 4,4,5,5-Tetramethyl-1,3,2-

dioxaborolane (0.95mL, 4.67 mmol) and 4-bromodiphenylacetylene (1.00 g, 3.89 mmol) 

were added under argon gas and allowed to stir for 20 min in order to degas the solvent. 

The mixture was cooled to -70°C with an acetone/dry ice bath. n-Butyl-lithium (4.67mL, 

11.67 mmol) was added dropwise over 1 h. The mixture was washed with deionized 

water and diluted acid, then dried with magnesium sulfate, followed by gravity filtration. 

Excess solvent was removed utilizing the rotary evaporator. The product was allowed to 

dry overnight and analyzed with 
1
H NMR. 

 

VI. Suzuki-Miyaura Coupling
12

 

 Diethyl ether (20 mL) was degassed with argon gas for 30 min in a 100 mL round 

bottom flask. Borylated diphenylacetylene (0.035 g, 0.12mmol), 2,7-dibromocarbazole 

(0.03g, 0.12mmol), CuO (0.012g), K2CO3 (0.02g), and Pd(PPh)4  (0.01g) were added 

sequentially to the flask. The mixture was allowed to stir for 24 h at room temperature. 

The reaction was monitored with TLC until starting materials completely reacted. The 
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product was analyzed via 
1
H NMR. Purification attempts occurred with hexane washes (2 

x 10 mL).  
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